whereas the binding of PsbU requires the presence of both 12, 13) . In red algal PSII (Fig. 1B) PsbO, PsbQ', PsbV, Psb31 and PsbU -As shown in Fig. 2 Mn-photoactivation conditions- Table 1 shows restoration of oxygen evolution by 
Among the variously different extrinsic proteins, PsbO is present in all of the oxygenic photosynthetic organisms and plays an important role in maintaining the stability and activity of the Mn 4 Ca-cluster (11, 23, 24 
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RESULTS
Purification of PsbO, PsbQ', PsbV, Psb31
and PsbU -As shown in Mn-photoactivation conditions- Table 1 shows restoration of oxygen evolution by close to the band of PsbU (Fig. 3) , the relative amounts of PsbU rebound were determined by immunoblotting assay with an antibody against PsbU (Supplemental Fig.   S2B ), and the results obtained were summarized in Table 3 Table 4 . The amount of PsbV rebound significantly increased from 14% in the absence of PsbU (Table 2) to 56%
in the presence of PsbU ( (Table 2 ) to 68%, 76% or 72% in the presence of PsbU (Table 4) , respectively, and that of PsbU increased from 34%, 30% or 34% in the absence of PsbV (Table 3 ) to 55%, 52% or 61% in the presence of PsbV (Table 4) Table 5 . Chl/h in the absence of PsbO (Table 6 ).
Functions of the five extrinsic proteins -
These indicate that the novel Psb31 extrinsic protein partially serves as a substitute for the PsbO protein in supporting oxygen evolution.
The significant difference between PSIIs reconstituted with Psb31 alone and with PsbO alone is that the oxygen-evolving activity of the former is scarcely stimulated by Cl -and Ca 2+ ions but that of the latter is largely stimulated by these ions (Tables 5 and   6 ). This may suggest that the binding of PsbV + PsbU + PsbO + PsbQ' + Psb31 100 ± 3 102 ± 3 
